Exploring psychosocial pathways between neighbourhood characteristics and stroke in older adults: the cardiovascular health study 
Introduction
Several studies have found associations between neighbourhood characteristics and stroke incidence, [1] [2] [3] [4] [5] [6] but limited research has addressed the causal mechanisms through which neighbourhoods may influence stroke incidence, specifically among older adults.
Psychosocial factors, such as depression, social support and social networks, have been hypothesised as pathways connecting neighbourhood and cardiovascular disease (CVD) including stroke [7] [8] . Living in a disadvantaged neighbourhood has been shown to be associated with higher levels of depressive symptoms among older adults [9] . The presence of depressive symptoms, in turn, has been associated with a high risk of ischaemic stroke [10] .
Disadvantaged neighbourhoods may lack amenities, such as community centres and churches, which may result in fewer social ties that promote social interaction and support [11] . Residing in less affluent areas is associated with lower levels of social activity among older adults [12] . Low social support is associated with a higher risk of CVD mortality [13] and stroke mortality in men [14] . Although empirical evidence about the effects of neighbourhoods on social networks among older adults is sparse, neighbourhood disadvantage appears to be associated positively with social isolation [15] . Pre-stroke social isolation has been associated with a post-stroke composite outcome of MI, stroke recurrence or death [16] . Although several studies have examined the association between the psychosocial features of neighbourhoods and self-reported CVD [17] , none has investigated possible psychosocial pathways [7] . This study explores whether the relationship between neighbourhood exposures and incident stroke among older adults is mediated by psychosocial factors, using standardised measures of depressive symptoms, social support and social networks.
Methods

Study population and data sources
Study data are from the Cardiovascular Health Study (CHS), a longitudinal, population-based study of adults aged 65 years and older, from four US counties: Forsyth County, NC; Washington County, MD; Sacramento County, CA and Pittsburgh (Allegheny County), PA. A total of 5,888 whites and African-Americans were recruited between 1992 and 1993. Survey and clinical data were collected at regular intervals until 1999 and surveillance for cardiovascular events and mortality continued through 30 June 2006.
Outcome measure
The outcome variable was adjudicated incident ischaemic stroke. Incident strokes were ascertained through reviews at annual visits, interim telephone contacts, notification of events by participants and review of Medicare hospitalisation data [18] .
Measures of neighbourhood characteristics
NSES was measured with a composite variable derived from 1990 US Census data used in other studies of the CHS population [19] . Participants were linked to their neighbourhood of residence using their baseline home address. Four dummy NSES variables were created based on a quartile analysis. Quartile 1 represented the highest residential NSES, and Quartile 4 the lowest. Less than 25% Figure 1 . The mediating effects of psychosocial factors between NSES and incident ischaemic stroke. Age, gender, marital status, individual education and income were adjusted in these pathways. Continued of African-Americans in the highest race-specific quartile overlapped with whites in the cohort, with even less overlap between the race-specific second and third quartiles of NSES for whites and African-Americans. Because of these large racial differences in the distribution of NSES, race-stratified analyses were conducted.
Measures of psychosocial factors
Psychosocial factors included depressive symptoms [Center for Epidemiologic Studies Depression Scale (CES-D)] [20]
, social support (Interpersonal Support Evaluation List) [21] and social networks [Lubben Social Network Scale (LSNS)] [22] were measured at baseline and annually. For more information about these measures, please see Supplementary data are available in Age and Ageing online, Appendix 1.
Adjustment for potential confounders
We further adjusted for individual sociodemographic, behavioural and biological factors known to affect stroke. Individual socio-demographic factors included: age, gender, total combined family annual income, education and marital status. Behavioural risk factors included smoking, physical activity and alcohol consumption. Biological risk factors included atrial fibrillation, subclinical CVD, hypertension, diabetes and hyperlipidaemia.
Statistical analysis
To test the mediating effects of psychosocial factors (Figure 1 ), we conducted a three-step analysis. First, to examine the relationships between NSES and each psychosocial factors ( path A), we conducted a logistic or linear regression analyses to test the associations between NSES and depression, social support and social networks with and without adjusting for individual sociodemographic factors. Secondly, we constructed Cox proportional hazard models to test the associations between each psychosocial factors and time to first ischaemic stroke ( path B) with and without adjustment for individual sociodemographic factors. Finally, to determine the extent to which psychosocial factors mediate the association between NSES and incident stroke ( path C), we constructed Cox proportional hazard models with sandwich estimates to account for clustering within neighbourhoods. Psychosocial factors were added separately, and then simultaneously, to assess their mediating role in the relationship between NSES and incident stroke. Finally, we added behavioural and biological risk factors to compare the results. We conducted two sensitivity analyses. The first used the last available observation for each psychosocial factor prior to incident stroke or censoring. The second used linear slopes of longitudinally measured psychosocial factors over the surveillance period up to incident stroke or censoring.
Results
A total of 4,619 participants with 652 incident strokes were included in the study sample (Table 1) . No statistically significant associations were observed between NSES and each of the psychosocial factors ( path A; Supplementary data are available in Age and Ageing online Table S1), after adjusting for individual sociodemographic characteristics. Depression, social support and social networks were not associated with stroke after adjusting for individual sociodemographic characteristics ( path B; Supplementary data are available in Age and Ageing online Table S2 ).
The results of the mediating analyses ( path C) are presented in the Table 2 . Although a significant association between NSES and stroke was found among whites after adjusting for sociodemographic factors, none of the psychosocial factors mediated this relationship. The hazard ratio for the lowest NSES quartile compared with the highest NSES quartile was reduced only from 1.32 [95% confidence interval (CI) = 1.01-1.73] in Model 1 to 1.31 (CI = 1.00-1.71) in Model 4 and remained non-significant.
When behavioural and biological factors were added in Model 5, the reduction in the incident stroke hazard was more substantial-with a proportionate decline of 13.6% in magnitude. Biological risk factors were the primary mediators of the association between NSES and incident stroke [6] a Taken as the percentage of excess hazard reduction for the model compared with a reference model. *P < 0.05 **P < 0.01 ***P < 0.001.
For the African-American cohort, significant associations were lacking in the unadjusted or adjusted models between NSES and incident ischaemic stroke (Table 2) .
Similar results were observed in our sensitivity analyses (tables not shown). Although we found stronger effects between NSES and social support and social network when we used the last measured observation for each psychosocial factor prior to either incident ischaemic stroke or censoring, our main findings remain the same. Trajectories of these psychosocial factors did not change the association between NSES and stroke dramatically. However, there was a significant association between the longitudinal increasing depression over time and time to incident ischaemic stroke among whites after adjusting for confounders.
Discussion
This population-based study is to our knowledge, the first to explore the psychosocial pathways between neighbourhood characteristics and incident ischaemic stroke in a large population-based sample of community-dwelling older adults. Our findings suggest that although living in a socioeconomically disadvantaged neighbourhood is associated with an increased risk of ischaemic stroke in white older adults, contrary to our hypotheses, depression, social support and social networks did not act as important mediators in the relationship between NSES and incident ischaemic stroke. Results from our sensitivity analysis show that changes in depression over time were significantly associated with time to incident ischaemic stroke among whites, underscoring the importance of recognising and treating depression in older adults.
The lack of an association between NSES and stroke for older African-Americans may be due to several factors. The sample included a relatively small number of AfricanAmericans who resided in neighbourhoods that were much more disadvantaged than those of the white participants, which may have results in a ceiling effect among the African-Americans and limited our ability to detect a neighbourhood effect. Another important consideration is that older African-American adults may have experienced substantial disadvantage over their life course [23] . Compared with whites, African-Americans have higher stroke incidence rates at a younger age and a lower proportion of them survive to older ages [24] . It is possible that neighbourhood influences on stroke are stronger at a younger age among African-Americans.
The study has limitations that deserve discussion. First, although CHS is a rich data set, it includes participants from only four counties and these findings may not be generalisable to other regions of the USA. Secondly, the sample size of African-Americans was small. Thirdly, the summary neighbourhood score may be an inadequate proxy for neighbourhood features [19] . Additionally, neighbourhood conditions encountered in childhood may have long-term effects on adult health [25] . We did not have the data to investigate the role of NSES over the life course on stroke risks or incorporate information on whether participants changed their neighbourhood among the study period.
Our study suggests that depression, social support and social networks played minimal roles in mediating the association between NSES and incident ischaemic stroke among older adults. Further study is needed to assess the role of other psychosocial pathways. Additionally, future research should also investigate whether psychosocial factors play a role in mediating the effect of NSES on stroke incidence among middle-aged patients.
Key points
• Living in a socioeconomically disadvantaged neighbourhood is associated with an increased risk of ischaemic stroke in white older adults.
• Depression, social support and social networks did not act as important mediators in the relationship between NSES and incident ischaemic stroke among white older adults.
• The significant association between increasing depression over time and time to incident ischaemic stroke underscores the importance of recognising and treating depression in older adults.
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